Studies were initiated to investigate the interactions between heterotrophic plate count bacteria and coliform organisms. We used spiked samples to show that heterotrophic plate count bacteria could reduce coliform densities by more than 3 logs within 8 days. Some heterotrophic plate count bacteria were able to cause injury to the coliform population. A significant correlation (r = 0.66; P < 0.05) was observed between the initial level of heterotrophic plate count bacteria and the rate of coliform decline. Competition for limiting organic carbon was hypothesized to be responsible for the observed effects. Bacteriol. 1943, G34, p. 29), and it has been speculated that suppression can at least partly be attributed to elevated HPC levels. For example, increased HPC densities have been noted before or in association with outbreaks of waterborne disease (1, 8, 11, 13, 14) . Pathogens have also been noted to occur in the absence of detectable coliforms in samples with high HPC levels (1). Data from the national community water supply study (11) showed that the frequency of detection of coliforms decreased when HPC levels exceeded 500 to 1,000 CFU/ml.
Heterotrophic or standard plate count bacteria (HPCs) in drinking water consist of a diverse group of microorganisms that have a wide range of metabolic capabilities and culture requirements and constitute a wide range of risks to public health. Bacteria in water may be primary or opportunistic pathogens (4, 10, 17) . These organisms could constitute a risk to the health of patients in hospitals, clinics, nurseries, and rest homes. HPCs in potable water may also create taste, odor, or spoilage problems in products produced by the food, beverage, cosmetic, and drug industries (7, 8) . Victoreen (21) indicated that elevated levels of Arthrobacter spp. were responsible for taste and color problems in distribution waters. In addition, some species and strains of Pseudomonas, Sarcina, Micrococcus, Flavobacterium, Proteus, Bacillus, actinomycetes, and yeasts have been shown to suppress coliform detection (18, 22 G34, p. 29) , and it has been speculated that suppression can at least partly be attributed to elevated HPC levels. For example, increased HPC densities have been noted before or in association with outbreaks of waterborne disease (1, 8, 11, 13, 14) . Pathogens have also been noted to occur in the absence of detectable coliforms in samples with high HPC levels (1) . Data from the national community water supply study (11) showed that the frequency of detection of coliforms decreased when HPC levels exceeded 500 to 1,000 CFU/ml.
The current study was initiated to examine the role of HPCs in causing injury to coliform bacteria and to elaborate on the mechanism of coliform antagonism.
Interactions between coliforms and HPCs. Experiments were first designed to demonstrate coliform antagonism or injury in drinking water. Chlorinated tap water (containing an average of 1.0 mg of free chlorine per liter) from the Bozeman, Mont., distribution system was collected and split into two parts. One part was immediately dechlorinated with sodium thiosulfate (final concentration, 0.01%) (2). The other part was treated with an additional 2.0 mg of free chlorine per liter ( identify an interaction between coliforms and a single species of the naturally occurring HPCs. Some of the organisms identified in these experiments included Pseudomonas (P. cepacia, P. stutzeri, and P. maltophilia) and Acinetobacter spp. All HPC enumerations were performed by the spread plate procedure described previously (2). HPCs were identified as previously described (9) .
Preliminary results of these experiments indicated that, depending on the HPC, coliforms either died or became injured. The interaction between strains of P. cepacia and E. coli is shown in Fig. 1 . The growth rate of P. cepacia was approximately 1 log per day at room temperature. As HPC densities approached 104 to 105 CFU/ml, coliform counts decreased at a rate of 0.5 log per day (Fig. 1 ). Coliforms in pure culture (superchlorinated sample) remained constant over the 8-day period. No significant injury was detected in either the mixed-or the pure-culture coliform populations (as determined by M-Endo agar and M-Endo plus lactose agar overlay) (12). Statistical analysis of 10 replicate experiments demonstrated a significant correlation (r = 0.66; P < 0.05) between the initial HPC level and the rate of coliform decline.
The interaction between P. maltophilia and E. coli produced little decrease in viable counts over control levels but 55% injury over a 7-day period (Fig. 2) . The decline in viable counts for the control and mixed coliform cultures was identical, but injury was only observed in the mixture culture. Injury was not observed to occur until P. maltophilia levels reached 104 to 105 CFU/ml.
The ratio of coliforms to HPCs (1:104 to 1:105) in the above experiments, in which antagonistic or injurious interactions occurred, are similar to the ratios for coliforms and HPCs in drinking water (coliforms, 1 to 10 CFU/100 ml; HPCs, 500 CFU/ml) in which coliform suppression has been reported (6) (7) (8) . they are particularly susceptible to competition for nutrients in oligotrophic environments such as drinking water. Similar results were obtained with experiments designed to determine the limiting glucose concentration necessary for the growth of coliforms and HPCs. Various levels of glucose (0 to 5 mg/liter) were added to a modified Castenholz mineral salts medium. The data indicated that glucose concentrations less than 1.0 mg/liter limited the growth of E. coli cultures (Fig. 3) . Similar results were observed for cultures of K. pneumoniae and C. freundii. However, a strain of P. stutzeri isolated from water grew at a rate of 2.5 logs per day, even when no glucose was added (Fig. 3) . These experiments indicated that P. stutzeri and other pseudomonads were well adapted to an oligotrophic aquatic environment and were able to grow rapidly at very low substrate concentrations. The above studies are valuable in understanding the microbial interactions that occur in water samples that are stored or transported. A number of reports indicate unpredictable changes in coliform levels in stored drinking water (15, 16) . Nash and Geldreich (16) state that the effect of storage on coliform recovery appears to be influenced by the sample temperature during storage, initial coliform density, increase in HPC density, and specific noncoliform bacterial population established in a distribution system. These factors are marginally controllable and unpredictable.
This report shows the importance of the components of HPC populations as well as cell densities in assessing the propensity for interference with coliform detection. Some organisms (e.g., P. cepacia) produce a lethal interaction with coliforms, whereas others (e.g., P. maltophilia) produce sublethal interactions which result in injured coliforms. 
